Born in Bristol in 1924, William David Ollis remained there until his departure for Sheffield in 1963 with the exception of an important year in Harvard, 1952/53, and a short spell as a visiting professor at University of California at Los Angeles (UCLA) in 1962. His dedication to chemistry was engendered by his education at Cotham Grammar School, Bristol. His teenage fascination with chemistry experiments at home nearly ended in disaster when an unplanned explosion cracked the glass in the roof of his parents' conservatory, which might easily have decapitated him. The young Ollis studied chemistry at Bristol University during a period when undergraduate studies were combined with such wartime activities as military training and fire-watching. He gained first-class honours in his BSc finals, which he attributed in part to his performance on one key question in the organic paper, for which the perfect answer had been elucidated in the then current issue of the Journal of the American Chemical Society, which he had scoured the previous day! That avidity for knowledge stayed with him throughout his long career. He continued in the Bristol Chemistry Department as a postgraduate student under Professor Wilson Baker (F.R.S. 1946), whom he held in the highest regard. The success of his predoctoral studies led to his appointment as an assistant lecturer in organic chemistry in 1946 even before the award of his PhD degree. Thenceforth it was clear to his many friends that David regarded organic chemistry as the most exciting and important branch of science.
During the 1950s, the Bristol Chemistry Department under Wilson Baker's leadership gained worldwide recognition for its contributions to many areas of the subject, and David Ollis was one of its most dynamic members. He worked to strengthen organic chemistry and persuaded Wilson Baker to recruit Alan (later Sir Alan) Battersby (F.R.S. 1966) from St Andrews. He began to develop independent lines of research that were to form the basis of long-standing interests. The recognition of the unique properties of certain unsaturated mesoionic heterocycles led to a novel and, at that time, controversial proposal (1)* of their 'aromatic character' that stood the test of time and was probably an early indication of his developing interest in physical organic chemistry. It was to become one of the guiding principles of his research group. This activity was also stimulated by a joint examination of macrocyclic compounds with Wilson Baker and John McOmie, reported in 1951 (3). Although classical papers had appeared on the molecular geometry of cyclohexane, relatively few organic chemists were concerned with what was later to become known as conformational analysis. The Bristol group recognized that the rigidity imposed by fused aromatic rings would restrict the number of possible geometries of macrocycles and examined the cyclic polysalicylides (4). With H.M. Powell of Oxford University, David Ollis found that tri-othymotide adopted a propeller-like conformation (Newman & Powell 1952) and that single crystals consisted of either left-handed or right-handed molecules, which gave optically active solutions, thus showing that left-handed and right-handed propellers could not be interconverted unless the solutions were heated. This early example of conformational stability of a macrocyclic compound excited his interest in both molecular geometry and molecular complexes.
These early experiences were enhanced by a year at Harvard as a Research Fellow in the group of Robert Burns Woodward (For.Mem.R.S. 1956). 'R.B.W.' was the undisputed doyen of the organic chemistry community, and Harvard had become a Mecca for young British organic chemists. That year must have been one of the most exciting of David's career as he was a major player in the remarkable synthesis of strychnine, which became a landmark in synthetic organic chemistry (7, 22) . Insights into Woodward's mechanistic approach to organic reactions and the investigation of organic structure by infrared, ultraviolet and visible spectroscopy were the most important features of Harvard chemistry that David Ollis took back to Bristol. He loved to quote: 'You can always tell a Harvard Man. But you cannot tell him much!' Woodward became and remained his hero; later, David developed a very high regard and affection for Sir Robert Robinson, F.R.S. (P.R.S. 1945-50).
After his return to Bristol, David Ollis set about establishing his research group and introducing Harvard methods. Natural product work continued, but now with the help of spectroscopic techniques and mechanistic insight. The long-standing problem of the structures of ginkgetin and related compounds was solved when they were recognized as * Numbers in this form refer to the bibliography at the end of the text.
biflavonyls derivable by oxidative coupling of flavonoid precursors (9) . The structure of the isoflavone mundulone was found to include novel C 5 units (10). These investigations were greatly assisted by Robert Robinson's biosynthetic theories from the 1920s, elegantly extended in the 1950s through experiments using 14 C-labelled precursors, notably by Arthur Birch (Manchester) (F.R.S. 1958) and Alan Battersby. An even more important development during the 1950s was the introduction of nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry as tools for the determination of organic structures, because at that time structure determination by X-ray crystallography was in its infancy.
David established collaborations with Lloyd Jackman (Imperial College, London) in the application of NMR spectrometry for the analysis of organic structures (13, 17) , and Roland Read (Glasgow University), for the use of mass spectrometry in organic chemistry which, enhanced by a visiting professorship at UCLA, were of great importance for David's introduction of these new physical methods in Bristol. They made possible a systematic examination of phenolic metabolites in plant materials, many becoming available through a long-term collaboration with Professor Otto Gottlieb (Universidada de Brasilia) that began in the early 1960s. Ollis decided that Bristol had to have its own independent NMR equipment, and in 1962, together with Alan Battersby and Les Hough, applied to the Department of Scientific and Industrial Research for a Varian A60 NMR spectrometer, which became only the second such machine in the UK.
R   S
The Ollis team was now established as one of the leading natural product chemistry groups in the UK, and it was no surprise when David Ollis was appointed to the Chair of Organic Chemistry at Sheffield University in succession to Professor R.D. Haworth, F.R.S. His group moved en masse to Sheffield in the early autumn of 1963. It is likely that David was not the first nor possibly the second of the candidates to be offered the Sheffield chair, but the passage of time established that he was almost certainly the best.
Sheffield was then an ideal place for chemists. The department was led charismatically by George (later Lord) Porter, F.R.S. (P.R.S. [1985] [1986] [1987] [1988] [1989] [1990] , who had established an oustanding group of physical chemists that trained (among others) Harry (later Sir Harold) Kroto (F.R.S. 1990), and inorganic chemistry had been vitalized by the appointment of Ron (later Sir Ronald) Mason (F.R.S. 1975) as first holder of the inorganic chair. This trio of professors formed a formidable, powerful and harmonious team. Resources and responsibilities were shared on an equal basis under Porter's headship of the department. The academic staff numbers burgeoned while a new wing was added to the already extensive chemistry building. In addition to its academic staff, the department was well served by numerous, skilled, technical staff and most research laboratories enjoyed a dedicated technician, something hard to credit today. The integration of the chemistry staff spilled over into its social life. One departmental research dinner was followed by a staff cabaret with Mason, Ollis and Porter acting 'The waiter, the porter, and the upstairs maid' to gramophone continuo, with Ollis wearing a maid's pinnafore! Not surprisingly, David Ollis flourished in this scientific and intellectual environment. The Varian A60 spectrometer relinquished in Bristol was quickly replaced by a new machine in Sheffield, although the first one imported from the USA was dropped onto the dockside at Liverpool! The purchase of infrared, ultraviolet and visible spectrometers gave access to vital physical methods for research and teaching alike. Equipment throughout the department was renewed or enhanced until laboratories reached the standards required by David. His research group expanded and began to attract overseas postgraduates and research fellows. It held weekly group meetings, which he thoroughly enjoyed. David's own experience of Woodward's long evening seminars in Harvard had inculcated a strong belief that vigorous discussion and analysis of a lecture was the correct way to gain accurate knowledge. As a result, Sheffield rapidly acquired a reputation as a department in which an attentive audience pursued the visiting speaker in a question time of zealous activity. Many visiting lecturers must have taken away the memory of David, chalk in hand, making his point on the blackboard while they watched from the front of the lecture theatre. One young Scottish visiting lecturer, enduring clinical public dissection by David after his lecture, was driven to invoke the Fifth Amendment! What some failed to recognize was that the apparently forthright Ollis style of interrogation was directed not ad hominem but solely to explore the chemistry presented.
David's own performance as a lecturer was exemplary. Geometrically precise diagrams were drawn in multi-coloured chalks with Woodwardian accuracy, all keywords were underlined, each attribution was referenced, and his commentary never flagged nor lost its continuity. The content of his undergraduate lectures was equally precise. Every new student had to assimilate the importance of the four C's: composition, constitution, configuration and conformation.
After Porter's departure from the Firth Chair of Chemistry to move to the Royal Institution in 1966, a Firth Visiting Professorship was established to bring a distinguished chemist to spend an extended period in the department giving lectures and meeting staff and research workers. Vlado Prelog, For.Mem.R.S., from Zürich, was the first of these and delivered six lectures on the new Cahn-Ingold-Prelog rules for the designation of chirality (Cahn et al. 1966 ). In addition to such departmental events, David established the annual Sheffield Stereochemistry Symposium in 1964, a one-day conference that rapidly became the most popular meeting of that kind in the UK and continues to the present day. Of no less significance was his organization in 1966 of an International Conference on Aromaticity, which brought all the key players-Woodward, R. Hoffmann (For.Mem.R.S. 1984), H.C. Longuet-Higgins, F.R.S., and M.J.S. Dewar, F.R.S.-to Sheffield and captivated an audience of 600 chemists. By these and many other innovations, David elevated the whole standard of organic chemistry in Sheffield University. He brought a galaxy of talented visitors to enlighten himself, his staff and his students. He recruited top-class young colleagues and, after a probationary period of variable length as his lieutenants, gave them research independence and a level of resource measured to his gauge of their ability. He inspired his research students, and rewarded them with total support. David was wont to say, 'You need only one outstanding research student to establish your reputation'. He enjoyed many of these, including Richard Roberts (F.R.S. 1995; Nobel laureate 1993).
With a high level of enthusiasm, the Ollis group broadened its interests. From 1966 conformational analysis was opened up, using dynamic NMR spectroscopy to examine the polysalicylides along with many other macrocyclic compounds. An extensive investigation of reaction mechanisms began in 1966, arising from a concern in the way in which two C15 units could be joined together in a head-to-head fashion to give a C30 unit in the biosynthesis of squalene. The Cornforth-Popják proposal (Popják 1963; Cornforth 1967) that the rearrangement of an enzymic difarnesyl sulphonium ylide was involved particularly appealed to Ollis who, with Mike Blackburn, decided to investigate it in the laboratory by an examination of the rearrangements of model sulphonium ylides (32). This led first to a new synthesis of squalene (36) and then to a detailed, extensive, mechanistic investigation of the rearrangements of ylides and related compounds (39) Not everything went so well. On Mason's unexpected departure for Sussex University in late 1970, Jan Hoijtink succeeded as Head of Department but had to relinquish the post for health reasons in 1972. Thereupon David was asked to accept the headship. He made no secret of not wanting the job a second time after such a short interlude and he retained the post only until 1973. After several difficulties in the department, David openly explored a move to an industrial position in the USA. However, wise counsel prevailed and David was persuaded to remain in Sheffield, although his relationship with both department and university became somewhat strained.
In marked contrast, David was closer to his former buoyant self when away from Sheffield. He contributed a great deal to the work of the Royal Society of Chemistry, of which he was an energetic and ebullient President of the Perkin Division from 1983 to 1985. Everything that passed under his hands was accorded the most detailed attention. He was also assiduously active on committees concerned with science in the Civil Service and for the Home Office.
David retired from his post at Sheffield in 1990 and the occasion was suitably marked by the publication of a two-volume supplement of Tetrahedron, containing contributions from many friends and colleagues throughout the world, by a one-day Royal Society of Chemistry Symposium in London and by a farewell dinner in The Royal Society, generously supported by Pergamon Press. After retirement he took up an honorary Chair in the Chemistry Department at Birmingham University at the invitation of Fraser Stoddart (F.R.S. 1994), whom David had brought from Canada in 1970 and subsequently appointed to a lectureship in Sheffield. In Birmingham David enjoyed a few happy years, continuing to instruct postgraduate students in the art of producing PhD theses of 'Ollis quality', and regularly participating in departmental seminars. Although his enthusiasm for chemistry remained, he clearly regretted the many changes that had taken place in UK universities during the 1980s and 1990s. He retained the academic values of his early years at Bristol and Sheffield and was equally critical of the changes in research funding and the growth in bureaucracy related to the assessment of teaching and research, although he had always been a staunch advocate of the highest standards in both areas.
D O:   Whatever else he was, David was a character. In his younger days as a lecturer, he let loose his sense of fun on his students and it spilled over to his chemistry colleagues in Bristol and, later, to an international array of chemists who enjoyed his exuberance of spirit. He was a raconteur who could turn to a rich range of calamitous personal experiences when the occasion demanded. On one journey from Bristol to Wisley with Arthur Willis in the 1950s, he overturned his mother-in-law's Austin car, which they left in a roadside garden and, unscathed, continued the journey by bus. The rest of the story gathered elaboration with each recounting. In later years, his Rover 2000 was trampled by a runaway horse on the M5 near Bristol. Duilio Arigoni (For.Mem.R.S. 1991) and Koji Nakanishi each shared exotic experiences with David in distant places. Friends such as Charles Rees (F.R.S. 1974) could indulge their sense of humour at David's expense, sure that their reward would be a bellow of laughter and a round at the bar. David's hospitality was generous and lavished on both staff and students. Student Chemical Society Dinners featured cabarets in the 1960s and early 1970s in which the performers all too readily found David's mannerisms a natural target for caricature. Their reward was likely to be a party in David's home into the early hours.
'Work hard-play hard' could easily have been David's motto. At one conference in Leicester in the 1970s, he discovered that Jack Baldwin had investigated the same rearrangement reaction; moreover his manuscript had been written and submitted. At the end of the meeting, Ollis piled his two co-workers into a taxi bound for Heathrow and they started writing their manuscript. Over a meal in the airport restaurant it was completed and David gave precise instructions for it to be handed to Jeanne Bovett for typing and mailing the next day to Chemical Communications. He then boarded a plane for Brazil. Only at that stage did the two students discover that they had no money for the return journey to Sheffield! As his own energies seemed never to flag, he had little time for colleagues who lacked the same dedication to chemistry. He firmly believed that a young lecturer should continue with experimental work for as long as possible and deviations from that pattern were seen as a lack of commitment. In all of this he led by example and put chemistry first in his life.
The Ollis appetite for assimilating factual material was enormous and only matched by his powers of recall. He professed always to scan the articles flanking a sought-for paragraph in Chemical Abstracts and consequentially scorned electronic information retrieval! This vast knowledge made him a respected and trenchant consultant. If David was somewhat less gifted in creativity, he could quickly identify an idea of true quality and then pursue it relentlessly to reveal its full potential. He epitomized Edison's aphorism 'Genius is one per cent inspiration and ninety-nine per cent perspiration' (T.A. Edison, 1903) . No detail of chemistry or administration was too small to escape his scrutiny. His office notice board carried a typed card with the succinct inscription: 'Trust is good. Checking is better!-V.I. Lenin'.
Privately, he gave considerable time to his pursuit of antiques, and selected visitors to Sheffield would be shown his 'Benin Bronzes' and other trophies. One foray into the auction room led to his acquisition in 1978 of a large piece of 'Blue John', the local Derbyshire fluorspar valued for its blue and yellow banding. To display it effectively, David commissioned a senior technician in the chemistry workshop, Derek Gough, to manufacture a silver mount and, with characteristic thoroughness, registered Gough as a Sheffield silversmith so that his hallmark would crown the job properly.
The death of David Ollis in 1999 occurred at the end of a major period of British organic chemistry. His contributions stemmed from developments in the emerging experimental techniques and theory of those years integrated with an awareness of the role of stereochemistry that was ahead of its time in Europe. He was demanding of colleagues and students alike in a way that was entirely consistent with his search for the highest standards in organic chemistry and he placed a high premium on loyalty, a characteristic that gave rise to some tensions within his department and faculty. The abiding impression of David Ollis was a man of the highest scientific integrity allied to an overwhelming enthusiasm and appetite for chemistry.
S 
The chemistry of natural products David Ollis was introduced to natural-product chemistry by his work with Wilson Baker at Bristol that used traditional methods for structure determination: chemical degradation followed by synthesis. His earliest work (5, 6) was concerned with flavonoid compounds, and the major achievement was the determination of the structures of ginkgetin (1) and isoginkgetin (2), two compounds isolated from the leaves of Ginkgo biloba that had puzzled the Bristol group for some years and that were identified as members of a new group of natural products, the biflavonyls (3) (11, 21).
After this early collaborative work he established his own independent research group and continued to use the same classical methods of degradation and synthesis, enhanced by biosynthetic and mechanistic insight and by the use of infrared, ultraviolet and visible spectroscopy, on new natural products. These included the complex isoflavone mundulone (4) from Mundulea sericea (10) and a new rotenoid from the same plant source was identified and synthesized (15, 16). However, the structure of a further complex flavonol, sericetin (5), was conclusively identified (17) only after an analysis of its NMR spectrum, which had been obtained by Lloyd Jackman. At that time (1960) the use of NMR spectrometry was relatively rare and this success encouraged David Ollis to exploit it in work on other natural products, for example the neoflavanoids, exemplified by the structures of the dalbergiones (20, (24) (25) (26) . This marked the beginning of a long-standing collaboration between Ollis and the Brazilian chemist Otto Gottlieb that was to ensure a steady supply of Brazilian plant materials. Ollis also used optical rotatory dispersion in a collaboration with Carl Djerassi to establish the absolute configurations of the dalbergiones (6) and the relative stereochemistry of the rotenoids (19) . The identification of other neoflavanoids from Brazilian plants (23) led him to propose biosynthetic relationships between the various natural 1,1-, 1,2-and 1,3-diarylpropane derivatives, which were to form the subject of a number of reviews published during the period 1961-66.
The benzylstyrene violastyrene from Dalbergia violacea proved (28) to be the first example of many naturally occurring compounds of this type. The natural cinnamylphenols were shown by NMR spectrometry (33) to have both cis and trans configurations, and further structural relationships were found in the cinnamylphenols obtained from Dalbergia obtusa. The neoflavanoid family of natural products was extended by the discovery of neoflavenes (34) and the co-occurrence of these and other types of neoflavanoids in Machaerium kuhlmannii and M. nictitans supported the proposal of a common biosynthetic origin for all neoflavanoids. These structural relationships and a summary of work on isoflavanoids and neoflavanoids were reviewed (35) by Ollis and Gottlieb in 1968 and, in collaboration with the botanist C.T. Rizzini, they proposed (40) a phylogenic relationship between the genera Dalbergia and Machaerium. This was a relatively novel attempt to include an extensive study of secondary metabolism in the classification of widely distributed plant species.
Fungal metabolites and antibiotics were of particular interest to natural-product chemists in the 1950s after the success of penicillin and the introduction of new antibiotics in the postwar period. In particular, Ollis had been involved in the Bristol group under Wilson Baker, which had examined possible synthetic approaches to penicillin. His contact (61) with R.B. Woodward also stimulated this interest. It was therefore a particular pleasure when David was offered samples of a bright red compound, rutilantin, discovered by Dr I.N. Asheshov and being studied at the Antibiotics Research Station of the MRC at Clevedon, close to Bristol. Although the full structure of rutilantin, a complex anthracyclinone glycoside, was not established until later, the Ollis group determined the correct structure of the aglycone, rutilantinone (7), by traditional methods in 1959 (12, 14). A related antibiotic, aklavin, was shown to have an aglycone, aklavinone (8) , with a very similar structure (13) . He established that both acetate and propionate precursors could be incorporated into the structure of pyrromycinone (18), one of the first demonstrations that propionate could be involved in polyketide biosynthesis. A second antibiotic obtained from this collaboration, actinonin (9), was identified (53) as a hydroxamic acid derivative. It and several analogues were later synthesized (see (54), and earlier papers in this series). The highly complex antibiotic flambamycin (10) was shown (see (60) and earlier papers in this series) to be a novel oligosaccharide containing two ortho-ester linkages and was later shown to be a member of a new class of natural products called the orthosomycins. Structural proof was based on hydrolysis and methanolysis coupled with the extensive use of 1 H and 13 C NMR spectrometry and the low-resolution and high-resolution mass spectrometry of flambamycin and its degradation products. Finally, the structures of the related avilamycins A and C were determined in collaboration with Keller-Schierlein's group in Zürich (59).
Rearrangement reactions
The long, detailed study of rearrangement reactions performed by the Ollis group during the period 1966-92 was initially inspired by an interest in the biosynthesis of squalene. In particular, the rearrangement of allylic sulphonium ylides was examined as a possible model for the formation of the interfarnesyl bond, as proposed by G. Popják, F.R.S., and J.W. (later Sir John) Cornforth, F.R.S. (Popják 1963; Cornforth 1967) but also attributed by Ollis to Woodward. In independent investigations both Ollis and his colleague Mike Blackburn found (30, 32 ) that the ylides (11, X = SMe, SPh), generated by two different methods, rearranged by the process shown below that could be interpreted as a 'symmetry allowed' sigmatropic rearrangement as generalized by Woodward & Hoffmann (1965) . This was further elaborated in a synthesis of squalene from difarnesyl disulphide (36) .
The analogous rearrangement of allylic ammonium ylides (11, X = NMe 2 ) and further allylic sulphonium ylides (11, X = SMe) showed that these were representatives of a general type of reaction classified by Woodward and Hoffmann as [3,2]-sigmatropic rearrangements. Such reactions were thought to proceed either in a concerted mode, by which the two fragments involved in the rearrangement remained partly bonded together at all times, or by way of a radical pair mechanism, in which the starting molecule underwent homolysis to give two radicals as a solvent-caged pair, followed by radical recombination to give the rearranged product. This raised the interesting question of the relationship between the 'allowed' [3,2]-rearrangement and the 'forbidden' classical [1, 2] -rearrangement (12) recognized by Stevens that was not detectable in the reactions of the allylic systems.
The discovery (39) that simple stabilized ammonium ylides were isolable as pure crystalline compounds, which did not rearrange until heated to +50°C, suggested that there was a significant difference between the [3,2]-and [1,2]-processes because the simple allylic ylides rearranged at temperatures as low as −50°C. Furthermore, the allylic rearrangements could be inhibited (43, 48) by structural constraints on the transition-state geometry required for a concerted process, as for example in the ylides (13) and (14), which only rearranged by a [3,2]-process on heating to the indicated temperatures. Propynyl ammonium salts (15) underwent a more complex series of reactions and after a detailed investigation (42) it was concluded that the propynyl unit does not behave as a three-atom fragment in a concerted [3,2]-rearrangement process.
The other possible mechanism for a sigmatropic rearrangement would involve initial fragmentation to give a radical pair followed by radical pair recombination and this was shown (55, 56) to be the mechanism of the original Stevens rearrangement that had been observed in non-allylic systems. The proof came from a detailed examination of the stereochemical fate of chiral migrating groups and the extent to which the reaction was intramolecular. In summary it was shown that the major fraction of the reaction involves homolysis followed by intramolecular radical coupling within a solvent cage that is accompanied by a relatively high degree of retention of the configuration of a chiral migrating group. The CIDNP that accompanies the reaction when carried out in the probe of an NMR spectrometer is a consequence of just a small proportion of competing free radical coupling. As expected, both intramolecularity and intramolecular stereoselectivity were greatest in a highly structured solvent (water at 0°C) in which the rearrangement of the optically active ylide (16) proceeds with 99.9% intramolecularity and 99% retention of configuration of the migrating group. In contrast, CIDNP is observable in methanol at 55°C and the reaction proceeds with only 56% retention of configuration and the formation of significant amounts of products that result from the intermolecular coupling of free radicals. This illustration of the power of orbital symmetry relationships in determining the course of sigmatropic rearrangements and the complex relationship between concertedness and intramolecular radical coupling was the most important result to come out of the extensive investigations of the Sheffield group.
The sigmatropic rearrangements of ylides were subsequently shown to cover a wide range of reactions and the investigation was also extended to ylides derived from aromatic systems (62) that both concerted and non-concerted processes could contribute to the overall mechanism. These investigations were concluded by an examination of the rearrangements of 2-allyloxy-and 2-pentadienyloxy-pyridine-N-oxides that were shown to involve rather similar reaction sequences including [1, 4] -, [3,3]-and [5,5]-sigmatropic rearrangements (67, 68) .
Such studies of anionic rearrangements underlined the close relationship between the concerted pericyclic mechanism and the radical-pair mechanism that is inherent in sigmatropic rearrangements and provided one of the clearest demonstrations of duality of reaction mechanism. Although the rules based on orbital symmetry are now an accepted guide for pericyclic reactions and are no longer a subject of research activity, the Sheffield contributions were a reflection of the intense research interest generated by these challenging ideas during the decade that followed the publication of the original Woodward-Hoffmann papers.
Stereochemical studies After the early work at Bristol in collaboration with Wilson Baker, the trisalicylides were reinvestigated at Sheffield in 1966 with NMR spectroscopy. The temperature dependence of the NMR spectrum of tri-o-thymotide (18) in solution was interpreted (27) as indicating the presence of both 'propeller' (19) and 'helical' (20) conformations. This study was extended (29, 38) to tri-o-carvacrotide (21) and tri-dimethylsalicylide, both of which showed similar behaviour. Finally, the solid-state conformation of tri-o-thymotide was determined (31) by Xray crystallography to be propeller-like in clathrates. A similar examination of di-o-thymotide and di-o-carvacrotide showed that these both adopted a basket-like cis conformation in solution (44) .
The 12-membered ring of the analogous hydrocarbon hexahydrotribenzo[a,e,i]cyclododecatriene was shown (45) by NMR spectrometry to adopt conformations in solution with C2 and D3 symmetry analogous to those of the trisalicylides, and the trithia analogue was shown to adopt only the helical conformation. Finally, the N, N', N"-trisubstituted trianthranilides (21) were prepared by a novel route and shown to adopt both propeller and helical conformations in solution (52) . In contrast to the trisalicylides, conformational interconversion was very slow at room temperature and individual conformers of the tribenzyl derivative could be separated and crystallized (63) . Furthermore, the inclusion complex of a trianthranilide derivative with toluene undergoes spontaneous resolution on crystallization, and X-ray crystallography showed that the macrocyclic host molecules adopted the helical conformation in the complex (64).
Other work by the Ollis group with the use of NMR spectrometry to examine the dynamics of conformational change includes papers on many other macrocyclic systems and also conformational changes in fulvenes and bisfluorenylidines associated with rotation about exocyclic double bonds.
Meso-ionic compounds The first two publications of David Ollis, written when he was working as a postgraduate student with Wilson Baker, concerned the structure of the 'sydnones', which had been formulated by their discoverers with fused three-membered and four-membered rings. These were reformulated (2) and the structure was represented as shown in 23 ; the possibility of a general group of such compounds (24) was recognized. The term 'meso-ionic' was proposed to describe compounds of this type; after criticism of this term, it was defended and clarified further in terms of the then current (1951) theory of aromatic compounds. A modified structure, 25, was proposed (8) to emphasize the aromatic structure of the five-membered ring.
This early work marked the beginning of David's long-standing interest in this general area that, after a long gap in publication, was revived in 1969 by a report (37) of new synthetic meso-ionic compounds, the isosydnones (26). The meso-ionic structure was supported by dipole moment studies and also by their 1,3-dipolar cyclo-addition reactions (50) . Many further examples of meso-ionic compounds were reported in a subsequent series of papers, and much of this work was reported in 1976 in a wide-ranging review (57) .
Finally, the focus of interest was broadened to heterocyclic mesomeric betaines as exemplified by a broad range of heterocyclic compounds that formally carry positive and negative charges within cyclic or polycyclic conjugated systems. These were classified as belonging to 16 different structural types on the basis of their relationship to the corresponding isoconjugate alternant and non-alternant hydrocarbon anions and dianions, which included the meso-ionic heterocycles as one of the groups. This review and classification (65) , published in 1985, provided an excellent insight into this long-standing area of organic chemistry. It was followed by several papers (for example, (66, 69) ) describing the synthesis and reactions of a variety of these compounds, which because of their welldefined geometry and charge distribution were clearly of interest as guest molecules in molecular cavities with complementary geometry and charge distribution. This topic is notable in that it marked both the start and conclusion of David's career and spanned a period of more than 46 years. Furthermore, although it was born out of traditional academic curiosity, this subject might now well be worthy of further investigation by the present generation of organic chemists as a basis for the design of components of multimolecular structures. 
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